Objective To investigate the association between application of fundal pressure during the second stage of labor (Kristeller maneuver) 
INTRODUCTION
Application of fundal pressure during the second stage of labor, also known as the Kristeller maneuver, remains one of the most controversial, understudied and under-reported maneuvers in obstetrics [1] [2] [3] [4] . The maneuver is usually applied to accelerate fetal head delivery 1 . Indications include suspected fetal distress, dystocia and maternal exhaustion, although it is acknowledged that often it is applied without any formal indication 5 . Published data suggest that use of the Kristeller maneuver in clinical practice varies worldwide; in some centers it is never used and is regarded as obsolete, whereas in others it is considered a routine procedure 4, 6 . Association of the maneuver with maternal and perinatal complications has been reported in several studies. Among the possible consequences, fetal shoulder dystocia, fetal acidosis, maternal rib fracture, severe perineal tears, uterine rupture, dyspareunia, stress urinary incontinence, acute postpartum urinary retention and other pelvic floor dysfunctions have been reported 2, [5] [6] [7] [8] [9] [10] [11] . Furthermore, many studies have failed to find any proven benefit from the application of the maneuver 2 . The quality of the existing evidence on the benefits and risks of the maneuver is generally poor. A recent Cochrane review found that there is insufficient evidence to draw conclusions on the beneficial or harmful effects of fundal pressure, and the authors encouraged further research 2 . Over the past decade, our understanding of obstetric injury of the pelvic floor has improved considerably, mainly owing to the application of new imaging modalities such as magnetic resonance imaging and three-and four-dimensional (3D/4D) transperineal ultrasonography (TPU) [12] [13] [14] [15] . 4D-TPU offers a reliable, dynamic and relatively simple method for assessing the integrity and function of the pelvic floor [16] [17] [18] [19] [20] . There is an increasing body of evidence to suggest that levator ani muscle (LAM) avulsion is the main link between vaginal birth and pelvic organ prolapse 13, 21, 22 .
Suggested risk factors for LAM avulsion include forceps delivery, increasing maternal age and prolonged second stage of labor 23, 24 . Despite the identification of these risk factors, designing a model for the prediction of LAM injury has not yet been successful 25 . Identifying modifiable risk factors for pelvic floor muscle injury may be useful for the prevention of pelvic floor dysfunction in many women.
The aim of the present study was to assess the effect of the application of fundal pressure during the second stage of labor on the risk of LAM injury in women having their first vaginal delivery.
METHODS
This was a prospective case-control study of women who had their first vaginal delivery in our tertiary center in University of Bologna, from March 2014 to September 2016.
Women were enrolled prospectively immediately after delivery and before discharge from the hospital. Cases included women in whom the Kristeller maneuver was used during delivery. For each case, a control was recruited, as the next woman undergoing vaginal delivery without the Kristeller maneuver, matched for body mass index (BMI) (± 2.0 kg/m 2 ), use of epidural analgesia, duration of second stage of labor (± 30 min) and birth weight (± 500 g). Patients who underwent instrumental vaginal delivery were not included in the study. In our hospital, the use of episiotomy has been restricted; when considered necessary, mediolateral episiotomy is performed.
The study protocol was approved by the local ethics committee of our university hospital (approval no. Because it has been reported that obstetricians and midwives are often reluctant to report the use of the Kristeller maneuver in women's files, we decided to allow an initial observation period before the start of formal recruitment in order to assess the frequency of maneuver reporting in our hospital. For this purpose, we included 20 women in whom use of the Kristeller maneuver was confirmed. Of the 20 cases, the use of the maneuver was reported in the clinical file of the patient in only two (10%). Consequently, we decided that cases and controls would be recruited only when one of the investigators participating in the study was present during delivery, exclusively for this purpose and with no other duty in the management of the patient.
In our center, there is no standardized technique for the application of fundal pressure in the second stage of labor. Whereas many practitioners apply steady pressure on the uterine fundus with one hand, others use one or both fists, and sometimes an elbow, to perform the maneuver. Inflatable devices are not used in our hospital for this purpose.
4D-TPU volume acquisition and analysis
All recruited women were invited to undergo a TPU scan at 3-6 months after delivery. During the scan, two dynamic 4D volumes were acquired for each patient: one during maximum pelvic floor muscle contraction (PFMC) and the other during maximum Valsalva maneuver. Before acquisition of the volumes, all women were instructed verbally and with the aid of visual feedback on how to perform correctly PFMC and Valsalva maneuver. Valsalva maneuvers were required to last at least 6 s, as previously described 26 . All acquisitions were performed using a Voluson E8 (GE Medical Systems, Zipf, Austria) ultrasound system with a RAB 8-4-MHz volume transducer, covered by a sterile glove, by one of eight investigators (G.S., I.C., G.P., C.A., M.C.P., J.K., E.M., L.C.) with more than 2 years' experience in 4D pelvic floor ultrasound under the direct supervision of the first author (A.Y.). All operators were blinded to the intrapartum clinical data of the patients.
All 4D volumes were acquired in the midsagittal transperineal plane, with the woman in the lithotomy position and with an empty bladder, as previously described 19, 20, 27 .
For acquisition, following activation of the 4D function, the plane of minimal hiatal dimensions was obtained by depicting a straight line (OmniView-Volume Contrast Imaging (VCI) line) in the midsagittal plane running from the posterior margin of the symphysis pubis to the anterior margin of the puborectalis muscle at the anorectal angle. The OmniView line was set at a thickness of 1-2 cm.
Following the conclusion of the study, the pelvic hiatal area was measured offline anonymously using the OmniView-VCI technique at rest, on maximum PFMC and on maximum Valsalva maneuver as previously described 19, 20 . 'Ballooning' was diagnosed when the pelvic hiatal area was more than 25 cm 2 on maximum Valsalva maneuver 28 . Levator ani co-activation was defined as narrowing of the pelvic hiatus on Valsalva 29 . Each measurement was performed three times and the average area was registered.
Levator ani integrity was assessed during maximum PFMC using the previously described multislice technique (tomographic ultrasound imaging; Figures 1-3) 17, 30 . Complete avulsion of the puborectalis muscle was diagnosed if an abnormal insertion of the muscle was detected on all three central slices (Figures 2 and 3) . In unclear cases, a levator-urethra gap >2.5 cm was used to define an abnormal insertion 30, 31 .
Statistical analysis
Sample-size calculation was performed to detect a two-fold increase in the incidence of levator ani avulsion, from 15% to 30%, in the Kristeller group as a primary outcome. We thus needed 133 patients in each arm (cases and controls) to be able to reject the null hypothesis that the Kristeller maneuver does not increase the risk of levator ani avulsion with a power of 80%, and a Type-I error probability of 5%. Expecting a maximum of 10% of women to be lost to follow-up after recruitment, we decided to include 150 women in each arm. Mean, SD and range were used as descriptive statistics. Maternal and fetal characteristics were compared using the chi-square test for categorical variables, while continuous variables were compared using ANOVA.
Stepwise forward multivariable logistic regression analysis was performed in order to determine independent predictors of levator ani avulsion. The potential confounders analyzed included maternal age, BMI, birth weight, episiotomy, duration of first and second stages of labor and epidural analgesia.
Data were analyzed using SPSS version 23.0 for Windows (SPSS Inc., Chicago, IL, USA); two-tailed P < 0.05 was considered statistically significant.
RESULTS
During the study period, 300 women (150 cases and 150 controls) were enrolled prospectively. Of these, 134 (89.3%) women in the Kristeller group and 128 (85.3%) in the control group attended the transperineal scan examination and were included in the final analysis.
Baseline and delivery characteristics of the two groups are presented in Table 1 . The episiotomy rate was significantly higher in the group of patients who underwent the Kristeller maneuver than in the control group. Women who underwent the Kristeller maneuver had a significantly higher risk of LAM avulsion than did controls (38/134 (28.4%) vs 18/128 (14.1%); P = 0.005) ( Table 2 ). In addition, the group in which the Kristeller maneuver was used had a larger hiatal area during maximum Valsalva maneuver (21.3 ± 5.8 vs 19.7 ± 5.0 cm 2 ; P = 0.017) and a higher increase in hiatal Data are given as mean ± SD or n (%). BMI, body mass index; GA, gestational age. Data are given as mean ± SD or n (%). PFMC, pelvic floor muscle contraction.
area from rest to Valsalva (6.4 ± 4.7 vs 4.9 ± 4.2 cm 2 ; P = 0.007) compared with the control group ( Table 2) . On the other hand, levator hiatal areas at rest and during PFMC were not significantly different between the two groups.
We additionally compared women with and those without LAM avulsion in order to investigate predictors of levator ani injury in our population. Use of the Kristeller maneuver was more common in women who had LAM avulsion than in women without avulsion (38/56 (67.9%) vs 96/206 (46.6%); P = 0.005). Maternal age was higher in women with LAM avulsion (34.0 ± 4.9 years vs 32.5 ± 5.3 years; P = 0.04).
On multivariate logistic regression analysis, use of the Kristeller maneuver was identified as the only independent predictor of LAM avulsion in our population (odds ratio 2.5 (95% CI, 1.29-4.51)) among the studied risk factors, which included maternal age, BMI, birth weight, use of episiotomy, duration of first and second stages of labor and use of epidural analgesia.
No neonatal injury, neonatal death, shoulder dystocia or maternal traumatic lesion, such as rib fracture, was reported in the studied population.
DISCUSSION
This study provides original data on the effect of the Kristeller maneuver on pelvic floor muscles. We have shown that application of fundal pressure during the second stage of labor is associated with more than double the risk of LAM avulsion in women having their first vaginal delivery. This effect was independent of other previously reported confounding factors such as maternal age, BMI, birth weight, use of episiotomy, duration of second stage of labor and use of epidural analgesia 13, 23, [32] [33] [34] [35] . Although the Kristeller maneuver is commonly used in some countries, many obstetricians believe it has no justifiable use in today's obstetric practice 36 . One of the main reasons for the heterogeneity in the use of this practice is the scarcity of high-quality data on its benefits and risks 2 . To our knowledge, this is the first study to evaluate the effect of the Kristeller maneuver on the incidence of levator ani avulsion.
Identifying a modifiable risk factor of levator ani avulsion is of clinical significance. Levator ani damage is associated with reduced strength of muscle contraction and, most importantly, with signs and symptoms of anterior and central compartment pelvic organ prolapse 13, 22, 37, 38 . In addition, levator ani avulsion increases the risk of postnatal urinary incontinence and recurrence of pelvic organ prolapse after surgery 21, 39 . In fact, it is believed that levator avulsion represents at least part of the missing link between childbirth and prolapse 13 .
Obstetricians and patients should be aware that, to date, there are no proven benefits from the application of the maneuver 2 , and that it is associated with a higher risk of pelvic floor injury. This should be taken into account when the performance of the maneuver is being evaluated. Furthermore, in the light of our findings, we think that obtaining informed consent prior to use of the procedure and performing postpartum pelvic floor assessment should be considered in patients in whom the maneuver is used.
An interesting finding of our study was the significant under-reporting of the use of the Kristeller maneuver in the initial observation group. However, this is not surprising. In a rare interview-based study on caregivers' perceptions of the maneuver, Kline-Kaye et al. 36 stated that the investigators 'had the general feeling from the interviews that caregivers supported the use of fundal pressure application as an unwritten rule; that is, many obstetricians would use the maneuver but were reluctant to admit to or support its use'. We believe that this practice should change. Women should be counseled on the indications for, and the potential benefits and risks of, the maneuver in light of the most recent evidence. In addition, if the maneuver is used, it should be systematically and clearly reported in patients' records.
Our study has some limitations. Although cases and controls were matched for most of the reported risk factors for levator ani damage, we cannot exclude the possibility that the indication for the maneuver might be a confounding factor. This being an observational study, the decision to perform the Kristeller maneuver was left to the clinician's judgment. Since the maneuver was not reported in the patient's file in the vast majority of cases, it was impossible to document the indication for the maneuver. Ideally, a randomized controlled trial should be conducted to evaluate the relationship between fundal pressure and LAM avulsion, even though we suspect that such a study is unlikely to be conducted owing to ethical considerations. Furthermore, it was not possible to standardize the technique and applied force of the maneuver, which may also be confounding factors. Finally, although we aimed to analyze the association between LAM avulsion and duration of the second stage of labor, this may have been flawed since usually the Kristeller maneuver aims at reducing that duration.
In summary, the Kristeller maneuver is associated with more than double the risk of LAM avulsion when applied in women during their first vaginal delivery. This association was independent of other suggested risk factors for LAM avulsion. This finding should be taken into account both when deciding to apply fundal pressure to accelerate the second stage of labor and when counseling women following childbirth.
